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(57)Abstract: 

PROBLEM TO BE SOLVED: To precisely estimate C0/H2 
concentration ratio in reformed gas by precisely estimating 
degree of deterioration of reforming catalyst, and to further 
improve fuel consumption and NOX purifying ability by 
adding the reformed gas to fuel or exhaust gas. 
SOLUTION: CO and H20 in additive gas are reformed to H2 
and C02 by watery gas shift reaction by a CO shift catalyst 4, 
the reformed gas is added to at least either of exhaust gas of an 
internal combustion engine and fuel of the internal combustion 
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engine, and additive quantity of the reformed gas is controlled based on the C0/H2 concentration ratio 
in the reformed gas estimated based on oxygen storage capabiUty (OSC) of the CO shift catalyst 4. 
Since an extremely high correlation exists between OSC of the CO shift catalyst 4 and watery gas shift 
reaction activity, the C0/H2 concentration ratio in the reformed gas can be estimated at high precision 
by detecting the OSC. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It comes to support noble metals to the support which has oxygen occlusion ability, and they 
are CO in addition gas, and H20 by the water gas shift reaction. H2 and C02 CO shift catalyst which is 
reformed and is used as reformed gas, An OSC detection means to detect the oxygen occlusion ability of 
this CO shift catalyst, and a reformed gas addition means to add this reformed gas fi-om this CO shift 
catalyst at least to one side of the fuel for an intemal combustion engine's exhaust gas and this intemal 
combustion engine, Have the catalyst for emission gas purification arranged on this intemal combustion 
engine's emission way, and the C0/H2 ratio of concentration in this reformed gas is presumed from the 
oxygen occlusion ability of this CO shift catalyst detected with this OSC detection means. The reformed 
gas addition control unit characterized by controlling the addition of this reformed gas by this reformed 
gas addition means by this C0/H2 presumed ratio of concentration at least. 

[Claim 2] The reformed gas addition control unit according to claim 1 characterized by including the 
partial oxidation catalyst which oxidizes a hydrocarbon partially and generates said addition gas. 
[Claim 3] The reformed gas addition control unit according to claim 1 characterized by including the 
reforming catalyst which generates said addition gas which contains CO and H2 fi-om a hydrocarbon by 
the steam-reforming reaction. 

[Claim 4] The reformed gas addition control unit according to claim 1 characterized by containing Ce02 
in the support of said CO shift catalyst. 

[Claim 5] They are CO in addition gas, and H20 by the water gas shift reaction by CO shift catalyst 
which comes to support noble metals to the support which has oxygen occlusion ability. H2 and C02 
CO shift stroke which is reformed and is used as reformed gas, The reformed gas addition stroke which 
adds this reformed gas from this CO shift catalyst at least to one side of the fiiel for an intemal 
combustion engine's exhaust gas and this intemal combustion engine, The CO/H2 ratio-of-concentration 
presumption stroke which detects the oxygen occlusion ability of this CO shift catalyst, and presumes 
the C0/H2 ratio of concentration in this reformed gas from this oxygen occlusion ability, The reformed 
gas addition control approach characterized by controlling the addition of this reformed gas in this 
reformed gas addition stroke by this C0/H2 presumed ratio of concentration at least. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the reformed gas addition control unit and the reformed 
gas addition control approach of controlling the addition of the reformed gas added in the fuel which 
bums with an intemal combustion engine, or the exhaust gas from an internal combustion engine. 
[0002] 

[Description of the Prior Art] From the purpose of reduction of the amount of carbon dioxides by which 
an earth resource is saved and discharged, reduction of fiiel consumption is strongly called for in an 
intemal combustion engine like an automobile engine. 

[0003] For example, a steam-reforming reaction generates CO and H2 from alcoholic system fiiels, such 
as a methanol, and there is the approach of supplying it to an intemal combustion engine with a fuel. 
Since CO and H2 bum efficiently also under the ambient atmosphere where an air-fuel ratio (A/F) is big, 
in order that its ignitionability may improve and they may also light a fuel easily by this, the lean 
combustion of a big air-fuel ratio of them becomes possible. Therefore, according to such an approach, 
fuel consumption can be reduced. 

[0004] Moreover, to JP,53-109234,A, the addition gas of an alcoholic system is added from the 
combustor which bums a hydrocarbon system fuel to exhaust gas, the reformed gas which generates CO 
and H2 from the mixture by the steam-reforming reaction is generated, and the method of returning the 
reformed gas to a combustor and burning it is indicated, for example. According to such an approach, 
since energy is collected from exhaust gas, fuel consumption improves sharply. Moreover, as described 
above, CO and H2 which are contained are suitable for lean combustion, and it becomes possible to 
reduce fuel consumption further by lean combustion. 

[0005] And at recent years, it is NOx in exhaust gas. Efficient NOx in which reduction purification is 
possible The catalyst of an occlusion reduction type is developed, and it sets in an oxygen rich ambient 
atmosphere, and is NOx. NOx by which occlusion was carried out by carrying out occlusion to a catalyst 
and considering as reducing atmosphere in pulse The system which carries out reduction purification is 
put in practical use. CO and H2 will be NOx if the reformed gas described above when considering as a 
fuel rich ambient atmosphere in such a system since reduction activity was high is supphed. It becomes 
possible to carry out reduction purification much more efficiently. 

[0006] In order to carry out reforming processing of the hydrocarbons, such as a methanol and a 
gasoline, and to generate H2, the steam-reforming reaction as shown in (1) type is used. 
[0007] 

CH30H+H20 -> 3H2+C02 (1) 

And the steam-reforming catalyst which supported noble metals, such as Pt, Pd, Rh, Ru, Ir, and Ag, is 
used for porosity oxide support which combined one kind, such as aluminum 203, Ce02, Zr02, Ti02 
and Si02, and Si02-aluminum 203, or two kinds or more with this steam-reforming reaction, such as 
mixture and a compound. At this steam-reforming catalyst, it is the basic hydroxy 1 group of support. It is 
thought that H20 is activated and HC is activated with noble metals, and a steam-reforming reaction 
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advances smoothly. 

[0008] In this steam-reforming reaction, as a by-product, CO was contained about 20% and uses these 

CO and H2 by the above-mentioned conventional approach. 

[0009] 

[Problem(s) to be Solved by the Invention] However, in a reforming catalyst, degradation arises 
inevitably by the passage of time. Therefore, since the C0/H2 ratio of concentration in the reformed gas 
generated by the reforming catalyst passes and it changes with times, in order to be stabilized and to 
perform the above-mentioned control, it is necessary to change the addition to the inside of the fuel of 
reformed gas, or exhaust gas according to the degradation degree of a reforming catalyst. 
[0010] however, the C0/H2 ratio of concentration beforehand measured since the sensor which can 
detect correctly the C0/H2 ratio of concentration in reformed gas now was not developed — using — an 
addition ~ not determining - it will not obtain but will become the control which is not **** actually. 
Therefore, the above-mentioned desirable control approach cannot be put in practical use, but they are 
the improvement in fuel consumption, or NOx. There was a limitation in improvement in 
decontamination capacity. 

[001 1] This invention is fuel consumption and NOx by it being made in view of such a situation, 
presuming the C0/H2 ratio of concentration in reformed gas with a sufficient precision by presuming 
the degradation degree of a reforming catalyst with a sufficient precision, and adding the reformed gas 
to a fuel or exhaust gas. It aims at raising decontamination capacity further. 
[0012] 

[Means for Solving the Problem] Invention-in-this-appUcation persons found out that a very high 
correlation was between OSC and water gas shift reaction activity, as a result of investigating 
wholeheartedly the water gas shift reaction activity by the catalyst which supported noble metals to the 
support which has oxygen occlusion ability (henceforth OSC). and OSC of this catalyst — precision ~ 
detecting OSC, since detecting highly is possible - coming out ~ the C0/H2 ratio of concentration in 
gas — precision — a header and this invention are completed for what can be presumed highly. 
[0013] Namely, the description of the reformed gas addition control unit of this invention which solves 
the above-mentioned technical problem It comes to support noble metals to the support which has 
oxygen occlusion ability, and they are CO in addition gas, and H20 by the water gas shift reaction. H2 
and C02 CO shift catalyst which is reformed and is used as reformed gas, An OSC detection means to 
detect the oxygen occlusion abihty of CO shift catalyst, and a reformed gas addition means to add the 
reformed gas from CO shift catalyst to either [ at least ] an intemal combustion engine's exhaust gas or 
the fuel for an intemal combustion engine, Have the catalyst for emission gas purification arranged on 
an intemal combustion engine's emission way, and the C0/H2 ratio of concentration in reformed gas is 
presumed from the oxygen occlusion ability of CO shift catalyst detected with the OSC detection means. 
It is in controlling the addition of the reformed gas by the reformed gas addition means by the C0/H2 
presumed ratio of concentration at least. 

[0014] Moreover, the description of the reformed gas addition control approach of this invention which 
solves the above-mentioned technical problem They are CO in addition gas, and H20 by the water gas 
shift reaction by CO shift catalyst which comes to support noble metals to the support which has oxygen 
occlusion ability. H2 and C02 CO shift stroke which is reformed and is used as reformed gas, The 
reformed gas addition stroke which adds the reformed gas from CO shift catalyst to either [ at least ] an 
intemal combustion engine's exhaust gas or the fuel for an intemal combustion engine. It is in 
controlling the addition of the reformed gas in a reformed gas addition stroke by the C0/H2 ratio of 
concentration presumed to be the C0/H2 ratio-of-concentration presumption stroke which detects the 
oxygen occlusion ability of CO shift catalyst, and presumes the C0/H2 ratio of concentration in 
reformed gas from oxygen occlusion ability at least. 
[0015] 

[Embodiment of the Invention] CO shift catalyst which makes the description of this invention is CO in 
fuel gas, and H20 by the water gas shift reaction shown in (2) types. H2 and C02 It is the catalyst to 
reform and the catalyst which supported noble metals is used for the support which has OSC. 
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[0016] 

CO + H20 -> H2 +C02 (2) 

As support which has OSC, transition-metals oxides, such as rare earth metal oxides, such as Ce02 and 
Pr04, NiO, Fe 203, CuO, and Mn 205, etc. can be used. It is desirable that OSC uses the Ce02/Zr02 
solid solution desirable [ high II ] and stabilizing by Zr02 especially especially. 
[0017] Even if an oxygen defect exists during a crystal, since it is extremely stable, this Ce02/Zr02 
solid solution is excellent in OSC. As for this viewpoint to the Ce02/Zr02 solid solution, it is desirable 
for whenever [ dissolution ] to be high, and its thing of the range whose specific surface area is 30- 
50m2/g is desirable. Since the crystal structure will become easy to break if whenever [ dissolution ] 
becomes low, Zr02 of isolation comes to exist, if specific surface area becomes larger than 50m2/g, and 
an oxygen defect exists, it is not desirable. Moreover, since the support effectiveness of noble metals 
will fall if specific surface area is smaller than 30m2/g, OSC becomes low. 

[0018] Moreover, as for the Ce02/Zr02 solid solution, it is desirable that mole-ratio Ce/Zr considers as 
the presentation of the near about by 1/1 since OSC serves as max. In addition, as for the minimum of 
mole-ratio Ce/Zr, it is desirable to carry out to about 3/7. OSC will become low if there are few Ce02 
components than this. 

[0019] Ft, Pd, Ru, Rh, Ir, Ag, etc. are used, and the noble metals supported by the oxide which has the 
above-mentioned OSC are the amount of support. 0.008 - 4.0% of the weight of the range is desirable. 
[0020] In this CO shift catalyst, a very high correlation is between that OSC and water gas shift reaction 
activity, and it became clear that water gas shift reaction activity is so high that OSC is high. Therefore, 
H2 concentration in reformed gas can be raised because OSC uses high CO shift catalyst, and the 
combustion efficiency under lean combustion is NOx well. Many H2 also with high reduction activity is 
generable. 

[0021] However, also with CO shift catalyst which has OSC, degradation by the passage of time will not 
be avoided, but the C0/H2 ratio of concentration in reformed gas will become large by degradation. So, 
by this invention, it used that a very high correlation was between OSC of CO shift catalyst, and water 
gas shift reaction activity, and the C0/H2 ratio of concentration is presumed by detecting OSC of CO 
shift catalyst. The degradation degree of CO shift catalyst to be used is specifically changed, each OSC 
and CO conversion rate are measured beforehand, and a calibration curve or relational expression is 
created. And the C0/H2 ratio of concentration in the reformed gas processed by CO water gas shift 
reaction can be presumed almost correctly by detecting OSC of actual CO shift catalyst and searching 
for the CO conversion rate corresponding to the OSC fi-om a calibration curve or relational expression. 
[0022] And if the amount of HC and CO required in order to change the C0/H2 ratio of concentration 
and to obtain fixed torque and an engine speed about intemal combustion engines, such as an engine 
which applies this invention, and the amounts of H2 mixed gas are beforehand collected as map data, 
since the fuel amount of supply and a reformed gas addition can be determined according to the C0/H2 
presumed ratio of concentration, it is stabiUzed and lean combustion can be performed, fiiel 
consumption improves. 

[0023] When burning the reforming fiiel which added reformed gas to the fiiel with an intemal 
combustion engine, or when buming the reforming fuel which added reformed gas to exhaust gas and 
mixed the exhaust gas to the fiiel, according to the C0/H2 presumed ratio of concentration, the addition 
of reformed gas is controlled at least. H2 amount in a reforming fiiel can be set almost constant by this, 
and stable lean combustion can be performed. Of course, it is more desirable to also control the amount 
of supply of a fiiel or exhaust gas to coincidence. If it does in this way, high control of precision can be 
performed more. 

[0024] Moreover, when purifying the reforming exhaust gas which added reformed gas to exhaust gas 
with the catalyst for emission gas purification, the addition of reformed gas is controlled according to 
the C0/H2 presumed ratio of concentration. NOx which could stabilize the reducing atmosphere of 
reforming exhaust gas and was stabilized by this The purification engine performance is discovered. 
[0025] An OSC detection means can be made into a measurement means to come out with the oxygen 
density in the entering gas of CO shift catalyst, and to measure the oxygen density in gas. That is, it can 
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come out with the oxygen density in entering gas, and OSC of CO shift catalyst can be detected from the 
difference of the oxygen density in gas. And since the oxygen density in gas can be correctly measured 
using an oxygen sensor, it can also detect OSC correctly. 

[0026] The addition gas said to this invention means the entering gas which flows into CO shift catalyst. 
Detection of OSC becomes difficult when 02 is not contained in this addition gas. Then, 02 of the 
specified quantity is beforehand added into reformed gas, and OSC can be detected by measuring 02 
concentration before and behind CO shift catalyst. Moreover, 02 may be added in addition gas just 
before CO shift catalyst. In addition, detection of OSC can also be performed during operation and you 
may carry out after operation termination. 

[0027] Since it is endothermic reaction, this water gas shift reaction is heating. It is desirable to carry out 
in the temperature region of 200 to 300 degree C. While labile increases by this and being able to 
shorten reaction time, the temperature fall of reformed gas can be prevented. If reaction temperature 
becomes higher than 300 degrees C, since methanation is promoted or a reverse water gas shift reaction 
occurs, it is not desirable. 

[0028] The gas which contains CO at least is used as addition gas supplied to CO shift catalyst. This 
addition gas is generable by using the partial oxidation catalyst which oxidizes HC partially for 
example, by (3) types. 
[0029] 

HC + 02 -> CO + H2 (3) 

the addition gas which according to the partial oxidation catalyst generates H2 to generate in order that 
most may react with 02 ~ almost - 100% may regard it as CO. Therefore, since many COs can be 
supplied to CO shift catalyst and many H2 can be generated, they are the improvement in fiiel 
consumption, and NOx. It is effective for especially the improvement in decontamination capacity. 
[0030] As HC suppHed, alcohol, such as a gasoline which is a fiiel or gas oil, and a methanol, or exhaust 
gas can be used. 

[0031] It is desirable to use the catalyst with which Fe, nickel, Co, Rh, etc. were supported for porosity 
oxide support which combined one kind, such as aluminum 203, Ce02, Zr02, Ti02 and Si02, and 
Si02-aluminum 203, or two kinds or more as a partial oxidation catalyst, such as mixture and a 
compound. The amounts of support, such as Fe, nickel, Co, and Rh, receive support. 0.008 - 20 % of the 
weight is desirable. 

[0032] Moreover, addition gas is also generable with the steam-reforming catalyst which performs the 
steam-reforming reaction shown in (1) type. As HC supplied, alcohol, such as a gasoline which is a fiiel 

or gas oil, and a methanol, or exhaust gas can be used. 

[0033] As this steam-reforming catalyst, the catalyst which supported noble metals, such as Pt, Pd, Rh, 
Ru, Ir, and Ag, can be used for porosity oxide support which combined one kind, such as aluminum 
203, Ce02, Zr02, Ti02 and Si02, and Si02-aluminum 203, or two kinds or more, such as mixture and 
a compound. At this steam-reforming catalyst, it is the basic hydroxyl group of support. It is thought that 
H20 is activated and HC is activated with noble metals, and a steam-reforming reaction advances 
smoothly. In addition, especially the amount of support of noble metals is although it is not restricted. 
0.008 - 4.0% of the weight of the range is desirable. 

[0034] The reformed gas from CO shift catalyst is added with a reformed gas addition means by either 
[ at least ] an internal combustion engine's exhaust gas or the fuel for an intemal combustion engine. A 
well-known gas addition means can be used as a reformed gas addition means. 
[0035] The exhaust gas which contains reformed gas when it adds to an intemal combustion engine's 
exhaust gas is an NOx occlusion reduction type catalyst or NOx as it is. A selection reduction type 
catalyst can be supplied. Thereby, exhaust gas serves as reducing atmosphere and is NOx in exhaust gas. 
NOx An occlusion reduction type catalyst or NOx Reduction purification is carried out in a selection 
reduction type catalyst by H2 that in exhaust gas mainly contained. [ many ] 

[0036] NOx as an occlusion reduction type catalyst — for example — To support which combined one 
kind, such as aluminum 203, Ce02, Zr02, Ti02 and Si02, and Si02-aluminum 203, or two kinds or 
more, such as mixture and a compound NOx chosen from rare earth elements, such as alkah metal, such 
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as alkaline earth metal, such as calcium, Ba, Mg, and Sr, and K, Cs, or Sc, Y, Pr, occlusion material, The 
catalyst which supported noble metals, such as Pt, Rh, and Pd, is illustrated, and it is NOx in an oxygen 
rich ambient atmosphere. NOx by which carried out occlusion and occlusion was carried out by oxygen 
lean atmosphere What carries out reduction purification is used. In addition, it is desirable that it is 
especially a hydrogen-selective high catalyst, and it is desirable to use Pd for the noble metals supported 
from this semantics. 

[0037] moreover, NOx as a selection reduction type catalyst — for example — the catalyst which 
supported noble metals, such as Pt, Rh, and Pd, to support which combined one kind, such as aluminum 
203, Ce02, Zr02, Ti02 and Si02, and Si02 -aluminum 203, or two kinds or more, such as mixture and 
a compound, illustrates - having - reducing atmosphere - NOx What carries out reduction purification 
is used. In addition, it is desirable that it is especially a hydrogen-selective high catalyst, and it is 
desirable to use Pd for the noble metals supported from this semantics. 

[0038] Moreover, it is also desirable to return an internal combustion engine the exhaust gas with which 
reformed gas was added, and to bum it again. If it does in this way, since energy is collected from 
exhaust gas, fuel consumption will improve sharply. Moreover, since H2 that in reformed gas contained 
is suitable for lean combustion, it becomes possible [ reducing fiiel consumption further by lean 
combustion ]. [ many ] 

[0039] And when reformed gas is added to the fuel for an internal combustion engine, the fuel 
containing reformed gas bums with an intemal combustion engine. Since H2 those in reformed gas 
contained also in this case is suitable for lean combustion, it becomes possible [ reducing fuel 
consumption further by lean combustion ]. [ many ] 
[0040] 

[Example] (Example 1) The block diagram of the reformed gas addition control device of this example 
is shown in drawing 1 . A gasoline is stored in a fuel tank 1 and a gasoline is supplied to the partial 
oxidation catalyst 2 and a mixer 3. 

[0041] nickel to the partial oxidation catalyst 2 and aluminum 203 Co 0.5% of the weight 0.5 % of the 
weight and Rh It is supported 2.0% of the weight, and is constituted. Air is supplied to this partial 
oxidation catalyst 2 from air supply equipment 20, partial oxidation of the gasoline is carried out on the 
partial oxidation catalyst 2, and CO and H2 generate it. However, as for H2, most oxidizes. Since it is 
set to H20, for a product, most is CO. It is H20 and the addition gas flows into CO shift catalyst 4. 
[0042] And H2 generates, and the water gas shift reaction in CO shift catalyst 4 is mixed with the 
gasoline supplied from a fuel tank 1 with a mixer 3, and from the fuel control valve 30, the reformed gas 
containing these H2 is injected by the engine 5, and bums by it. And a combustion gas is NOx. It is 
purified with the occlusion reduction type catalyst 6, and the exhaust gas used as clarification is 
discharged. 

[0043] Mole-ratio Ce/Zr makes support 1/1 of the Ce02/Zr02 solid solutions, and Pt CO shift catalyst 4 
to this support It is supported 2.0% of the weight, and is constituted. Moreover, in the usual operation 
mode, when degradation does not progress but it has high OSC, the C0/H2 ratio of concentration in the 
reformed gas which flows out of CO shift catalyst 4 CO shift catalyst 4 The amount is decided to 
become 0.1 or less. 

[0044] As for this CO shift catalyst 4, the relation between OSC and the rate of CO purification is 
measured beforehand. That is, the durability test was carried out to CO shift catalyst 4 on condition that 
versatility, and OSC and the CO conversion rate were measured using two or more CO shift catalysts 4 
from which a degradation degree differs, respectively. 

[0045] Measurement of OSC fills up a quartz coil with a catalyst, and is an infrared image furnace. 
Measurement at 300 degrees C was performed. Specifically, it is a part for 1%C0+N2 gas 30L/to a test 
piece (phi30x50). The amount of 0.4%O2+N2 gas 30L/is made to circulate by turns at intervals of 
dozens of seconds - several minutes (mainly 5 minutes). The quadrupole mold mass spectrometer 
analyzed catalyst appearance gas, and the amount of oxygen by which occlusion was carried out to the 
catalyst was computed from the time lag when switching gas to CO+N2 gas from 02H-N2 gas by the 
two-cycle eye in each temperature. 
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[0046] Moreover, a CO conversion rate is 1% and H20 about CO. The model gas which consists of the 
hidden remainder N2 4% is used, and it is entering gas temperature. 400 degrees C, space velocity It 
came out on condition that 85000hr-l, CO concentration in gas was measured, and the CO conversion 
rate (x) was measured from the degree type. 

[0047] The relation of the OSC and the CO conversion rate by which CO conversion rate (x) = lOOx 

(entering gas CO concentration-appearance gas CO concentration) / entering gas CO density 
measurement was carried out is shown in drawing 2 . Drawing 2 shows that a high correlation exists 
between OSC and a CO conversion rate, and it tums out that OSC is fluctuated in proportion to l/(l-x) 
(x: CO conversion rate). 

[0048] That is, if OSC tums out that this CO shift catalyst 4 will be in what kind of degradation 
condition, a CO conversion rate can be computed in a high precision, and the C0/H2 ratio of 
concentration contained in the reformed gas from CO shift catalyst 4 can be presumed in a high 
precision. 

[0049] So, in the upstream and the downstream of CO shift catalyst 4, 02 sensors 40 and 41 are formed, 
respectively, and 02 concentration in the addition gas which flows into CO shift catalyst 4, and the 
reformed gas which flows out of CO shift catalyst 4 is detected. 

[0050] The detection value of 02 sensors 40 and 41 is inputted into a control unit 7, and computes OSC 
of CO shift catalyst 4 from the detection value of 02 sensors 40 and 41 in a control unit 7. These 02 is 
supplied from air supply equipment 20. And based on drawing 2 , the CO conversion rate by the water 
gas shift reaction is computed from the calculation value of OSC, and the C0/H2 ratio of concentration 
in the reformed gas which flows out of CO shift catalyst 4 is presumed. 

[0051] The amounts of HC and the amounts of reformed gas required in order to change the C0/H2 ratio 
of concentration and to, obtain fixed torque and an engine speed about an engine 5 on the other hand are 
beforehand collected as map data. Therefore, according to the C0/H2 presumed ratio of concentration, 
the fiiel oil consumption from a mixer 3 to an engine 5 can be determined. 

[0052] And a control unit 7 controls the amount of the reforming fiiel injected from the fiiel control 
valve 30 with reference to map data from the estimate of the C0/H2 ratio of concentration in the 
reformed gas which flows out of CO shift catalyst 4. This control device 7 consists of digital circuits 
equipped with a microcomputer, memory, a store, etc. 

[0053] For example, in the first stage, CO shift catalyst 4 shows high activity, and is small. [ of the 
C0/H2 ratio of concentration in reformed gas ] However, if activity falls gradually by degradation, the 
C0/H2 ratio of concentration will become large gradually. Therefore, when the C0/H2 presumed ratio 
of concentration exceeds a predetermined value, a control device 7 controls the amount of the reforming 
fiiel injected from the fuel control valve 30 with reference to map data. By this, it is stabiUzed, lean 
combustion can be performed and fuel consumption improves. 

[0054] In addition, since degradation of CO shift catalyst 4 advances gradually, it is enough, if it totals 
several times and the data of the C0/H2 ratio of concentration which computes OSC by a unit of 1 time 
at the time of operation of the engine 5 at each time, and is presumed are judged by the average. 
[0055] That is, since the ambient atmosphere of the gaseous mixture which is not concerned with the 
degradation condition of CO shift catalyst 4, but is supplied to an engine 5 can be made into fixed fuel 
lean atmosphere according to the reformed gas addition control device of this example, fiiel 
consumption improves. 

[0056] (Example 2) The block diagram of the reformed gas addition control device of this example is 
shown in drawing 3 . In this reformed gas addition control device, the part and air of exhaust gas from 
an engine 5 are suppUed to CO shift catalyst 4 through mixed equipment 42. And for the reformed gas 
from CO shift catalyst 4, it is mixed with the gasoline supphed from a fiiel tank 1 with a mixer 3, and is 
injected by the engine 5, and the exhaust gas from an engine 5 is NOx. It is purified and discharged with 
the occlusion reduction type catalyst 6. 

[0057] In the upstream and the downstream of CO shift catalyst 4, 02 sensors 40 and 41 are formed, 
respectively, and the C0/H2 ratio of concentration in reformed gas is presumed from OSC hke an 
example 1. Then, a control xmit 7 presumes degradation extent of CO shift catalyst 4 from the estimate, 

http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 4/5/2004 



Page 7 of 7 



and controls the amount of the reforming fuel injected from the fuel control valve 30 with reference to 
map data from the C0/H2 presumed ratio of concentration. 

[0058] For example, in the first stage, CO shift catalyst 4 shows high activity, and is small. [ of the 
C0/H2 ratio of concentration in reformed gas ] However, if activity falls gradually by degradation, the 
C0/H2 ratio of concentration will become large gradually. Therefore, when the C0/H2 presumed ratio 
of concentration exceeds a predetermined value, a control device 7 controls the amount of the reforming 
fuel injected from the fuel control valve 30 with reference to map data. By this, it is stabihzed, lean 
combustion can be performed and fuel consumption improves. 

[0059] Therefore, also in this example, since the ambient atmosphere of the gaseous mixture supplied to 
an engine 5 as well as an example 1 can be made into fixed fuel lean atmosphere, fuel consumption 
improves. Moreover, since energy is collected from exhaust gas, fuel consumption improves further 
from an example 1. 

[0060] (Example 3) The block diagram of the reformed gas addition control device of this example is 
shown in drawin g 4 . In this reformed gas addition control unit, some gasolines are supplied to the 
partial oxidation catalyst 2 from the fuel tank 1 . And the addition gas by which reforming was carried 
out with the partial oxidation catalyst 2 flows into CO shift catalyst 4, and it is CO at CO shift catalyst 4. 
H2 generates by the water gas shift reaction frorii H20. The reformed gas containing these H2 is mixed 
from an engine 5 to exhaust gas through a control valve 43, exhaust gas serves as reducing atmosphere, 
and it is NOx. It flows into the occlusion reduction type catalyst 6. 

[0061] NOx Since it is an oxygen rich ambient atmosphere, the exhaust gas with which the occlusion 
reduction type catalyst 6 and aluminum 203 come to support Ba and Pt, and reformed gas is not mixed 
is NOx in exhaust gas. NOx Occlusion is carried out to the occlusion reduction type catalyst 6. And 
NOx by which occlusion was carried out when reformed gas was mixed in pulse and it became reducing 
atmosphere Reduction purification is efficiently carried out by H2 in reformed gas, and pure exhaust gas 
is discharged. 

[0062] In the upstream and the downstream of CO shift catalyst 4, 02 sensors 40 and 41 are formed, 
respectively, and the C0/H2 ratio of concentration in reformed gas is presumed from OSC like an 
example 1. Then, a control unit 7 presumes degradation extent of CO shift catalyst 4 from the estimate, 
and is controlling the amount of reformed gas added by exhaust gas by controlling a control valve 43. 
[0063] For example, in the first stage, CO shift catalyst 4 shows high activity, and is small. [ of the 
C0/H2 ratio of concentration in reformed gas ] However, if activity falls gradually by degradation, the 
C0/H2 ratio of concentration will become large gradually. Therefore, it is NOx by a control unit 7 
determining the addition of reformed gas with reference to a map, when the C0/H2 presumed ratio of 
concentration exceeds a predetermined value, and controlling a control valve 43, and controlling the 
addition of reformed gas. The ambient atmosphere of the exhaust gas which flows into the occlusion 
reduction type catalyst 6 is adjusted. 

[0064] That is, according to the reformed gas addition control unit of this example, it is NOx. Since it 
can consider as the reducing atmosphere which was not concerned with the degradation condition of CO 
shift catalyst 4, but was stabilized when making intermittently into reducing atmosphere the exhaust gas 
which flows into the occlusion reduction type catalyst 6, it is NOx. The purification engine performance 
improves. And it is NOx even if it is under a lean combustion condition. Since it can purify efficiently, 
they are improvement in fuel consumption, and NOx. Purification can be reconciled. 
[0065] 

[Effect of the Invention] That is, since stable lean combustion can be performed, while fuel consumption 
improves according to the reformed gas addition control unit of this invention, and the reformed gas 
addition control approach, it is NOx under lean combustion conditions. The purification engine 
performance improves. 



[Translation done.] 
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H20 ^H2(»rco2 \c^mi^x^m:^^t'ncoi^^vmm 

im^m 3 1 7Kmm.^WRft^ <t o xm^tTi^m^^ hco 
t H2 ^^t^mmmu:^:^ ^^^-r 6 esrs^^^-^tp r t 

TSSAD;«fx^>(OC0i:H2 0 ^H2 tC02 LT&S;^/^^ 
[000 1] 

[0002] 

mmmi>cm^x\'im^<oi&m^^<:^it^tbixx\^^^o 
[0 0 0 3] m^\ff?^^y'-/i^fj:^(Dr/u=i—/umt^m' 

:^^ibykmm.^W^Jt\^X-DXCQt\h^±^l.. ^ti^m 
35«SJt (A>F) 7b^:k^fj:^m%TXh^m^<mm-r 
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[0 0 0 4] ^fc0yxf^4#MHg53-lO9234-§-^^(r{i. 

•^o^^i^;0>p>C0<^H2^^^'f-^a:K;^f^^^teU. ^ 

fciSL. mmmm^xoxmii%:^tb\ci&m-i-^:iti>^ 
[0 0 0 51 ^LTia^-eti. m:^y^^<Dmx ^^^mx 

6^{;ial7c#K^ ^-f-5r^{c:i:o xmm ^ ^x i ^fcNOx 

^m7tmt't^i^:^y'M.t>mmit^ixx\^^^o 00^0^2 

g^3SLTH2^^4t^it^tcfi. (1) ^{c^-rxo^j: 

[0 0 0 7] 

CH3OH + H2O 3H2 + CO2 (1) 
'^UT::o7K^^3cS^/S{-fi. AI2O3, Ce02, Zr02. 
30 Ti02, Si02, S\02-M2(hfj:^<D—mm^^\^^nr.mmi^ 

Pt, Pd, Rh. Ru, Ir. Ag/j^ifoa^Jg^S^Lfc 

[0 0 0 8] r<D7K^aefe^t^lS^c*5v^-c^i. bj^^k^ 

OC0i:H2^fiJffiUTV>5o 
¥0 [ 0 0 0 9 1 

[0 0 10] \.f>^Vti:t^h^^<DtZ^s ^n:^>^^<D 

C0/H2 g.git^iE5tJ:ii^ffiT*# ^ -fe $ nr v> 

50 ^*^ii:^5^#-r. m^^caIJ^7:^v^^J^i:/J:o-CL^ 
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[0 0 11] >ts:^§gjlCc^J:9?fc*itt-lS^T?'^^tufc 

(o^m.-^:^ ^m^y.^mi^:^ \z.mvi^^ r t xmm t no 

[0 0 12] 

mm OSC.i:u^9) 

O S C C t tc J: f9 ffi;^f ^=OCO/H2 SSit ^ 

co/H2«iffiit^«i;tu. «i;EStb^cC0/H2«ftit«;iJ:o 
[0014] ^yt±ISg»S^»*i-5*5£^o«:«:^;^ 

tico/'H2mm\t\^x^x(^fj:< th^w:^^mmmic 

[0 0 15] 

(2) ^lc^Lyt7Ktt;«f;^i^:7 hR/£(cJ:oT«S3|6f 

[0 0 16] 

CO 4- H2O H2 + OO2 (2) 
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^mmm. NiO. FezOa. CuO. mOstj:t*<Dm^^ 
{cii5V^Ce02;5>^a^ U < . Zr02 ■C^^ft:$nfcCe02/Zr02 

[0 0 171 zcoceoixirozmmm-^. f^^B^\cmmx 

m^^iEl.xh^mm^m\^^tL^s osct::Stl.Tv^ 
5o r<^a^35-b. Ce02/Zr02a^<2^tt@SSd5ii5VNr 
<h;d5M^b<. it^ffiajJ^SO-SOm^/gO^fflOt^t^^i^ 

^;i5{g:<^<eoriKgt(^Zr02;65;j^ffi-r^J:5t-:^^t). 

[0 0 18] ^;/tCe02/Zr02@»flc{i. ^/WitCe/ZrdS 

l/imST*OSC;55^:^i:7^^5cDr% 

<hi-^r i:z55«F^UV\ ?:^43^/i-jtCe/Zr(7)TPm. 3 

20 [0 0 19] ^rnvtLosc^^-r^mitm^^n^f^ 

-Sa^MJi. Ft. Pd, Ru, Rh, Ir. Ag/.^ 

^(o^wrn^ 0.008- 4,omft%offiH;&sa^bv\ 

[0 0 2 0] rOC0v->^ h«jStCi5V^TJi. ^(DOSC 

OSC;65igu^^^<if7K^*;^f>^>':7 hRrt;^tt;&5 
kt^mht^ttg:-:>f^o L^dSoTO S C;65|^V^C0 

50 [0 0 2 1] L75^LOSC^W-rSC0v':7 hf^^^-Trt>. 
(^CO/H2j8Sltd5:^#<?5^oTL^5o ■?:w-C:*:^§g-C 

(D?^\c%t>ibxM\^^mmmm^^^^t^mm\.. oozy 

SbTV^5„ Srft:«l{c«. fflv^5C0>'>' httiSEcD^fbS 

[0 0 2 2] ^i.x:^^m^mm'r^=^>'i^>'tst^<op^ 

mmm{^r>\.^X. CO/HaS^lt^^fb^iirr-^Oh/u 

r:icoxH2mmMzft^\^xmnwi^&t^w^^&nm^ 
50 [0 0 2 3] ^w:^:^^mm^mm vft^wm^^p^m 
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[00241 t.tiScW:^:^^W^^Kmm L^cScKSf:^ 

:^ti\z^^XScmm:^:^(om7T:^m%i:^mt't^ r t 
[0 0 2 5] OSC^^tib^^ti. COiy-^ hmm<OA^:^ 

[0 0 2 61 5js:^igtcv>9^*D:^;^<!:fi. COiyy hmm 

[0 0 2 71 :L<Dyi(ii±if:!^iy:7 hRJt^^m^Si^^x:^^ 
(OX\ Mm^^^X 200— 300X:(D^i^xno ^t:^^ 

[0 0 2 81 00i/7h»j8S{c^*&$tt5^J!JD:j5f:^^bT 
tt. ^i^^^< ^ t>C0^-^^f►;^;^;65^v^P>^^6p Z(DmiJM 
^Jx.t^ (3) ^{cJ:oTHC^95^6«3m{bi-5^FB 

[0 0 2 91 

HC + O2 CO + H2 (3) 

t^^J:\.XX\^\ L^t:i:d^^XCOiyy hmm\a^^<<DCO 
[0 0 3 01 m^^f\^^WOt\^X\±. mPcX^h^^V') 

\±mfs:!^^m\i^^ :Ltt^x^ 5o 
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[0 0 3 11 Uii^mi\:Mmt LTfi. AI2O3, Ce02, Zr 
O2, Ti02. Si02, Si02-Al203/j^,!f<^>-algfe5V^«:-S 

i^fe«:(c. Fe, Ni. Co. Rh^i ^*;^>^fi^^$Hfcfit^«^fflv^ 
5ri:d5a^UV>o Fe, Ni. Co, Rh^^^Ofi^&i. fi 
<^t;i*M,T 0.008'-20fift%;6W^UV\ 
[0 0 3 2] i^tim}W^:^\'t. (1) ^tc^UfcTKSg^ 

:^:^^m\i^^:Ltt^xt^o 

[0 0 3 31 :L<DimmScWfmt\.X\t. AI2O3, CeO 

2, Zr02, Ti02, SIO2, SI02-Al203;i(!fO— aSfe^V^ 

mkim&m^. Pt, Pd, RM, Ru, Ir, Ag;^.^if(^»^M 

ti. f)^on^m\^x^w^t^mmt^ri^tn7Lhnxiif^ 

[0 0 3 41 COi^^' YmSct^h(D^n'^:^\^. ^S::^:^ 

mQ^wc\c^^x^mmm<7^m^:^Rxj^\^)imm<Dmm' 
[0 0 3 51 Ps)!mm<om:^^\cmmi.ftm^\a'±. efe 

W:^:^ ^^t^m:^:^ {^-^ to^ ^NOx ^mMTLmmmh 5 

»c J; t) ^ f^^7c#ffl» ^ !9 . ^(DHOx (i. 

50 NOx ^lg515cM^IKfe5V^fiN0x ^^^7cM«4j«^-*3l/^ 
UTS^;^:?^*{c#<'^^n^H2lcioTil7c?^ 

[0 0 3 61 NOx mmmytrnmrnt urji. -wx-j^ AI2 

03. Ce02, Zr02, Ti02, Si02, Si02-Al203 ^*<?D— ®^ 
Ofiffm, Ca, Ba, Mg, Sr fj: (DT /i^:^ ]) ±m^R. 

^±m7cmf)^.hmnti^mx ^Amut. pt, Rh. Pd^tif 

40 m^xmx ^KJKL. K^y-^'^ffl^-CKiS^ixfciNO 
^i5V^tt^KT•*>^r ^:654ttcM^U<. rojtftiii^ba}^ 

[0 0 3 7] ^fcNOx w^mytrnmsit urt^. ^y^f^ 

AI2O3. Ce02. Zr02, Ti02. Si02, ^\^-k\20zti:^<D— 
^^OfiflcjcPt, Rh, ?iif^}f<0^^m^^n\.fzmm: 

50 tcS*b<. roS*;«)*ibfi«Fi-5a^jgtct±Pd^rfflv^ 
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[0 0 3 8] %fz,^m,iS7.t^m^^f\.fLW'^:^^. 

^ icteJS-r 5 r i: ;eiWtg <!: So 

[0 0 3 9] ^\.x^'^is:^^^mmm<ovm\^m^\^ 

[0 0 4 01 

[004 11 u^^mtmm 2 AI203 tcNi 0. sa* 

it^thx H20t^j:^tiib. ^^mm^tAyt^r^cot H2O 
[0 0 4 21 ^bTC0v-:7 hi5*iK4tc*5Jt57Kti:55f;^^/ 

^^So ^\^xmmm:^^}t.mx ^mmTcmmmexmt 

[004 3] C0v"7 hmm4 ^/UitCe/Zr;6S i / i 

aii-Sefe«:?t^;^*<^C0/H2 SSltds 0.mT^:>fe5i:9 
[0 0 4 4] r<OC0v':7 hMJK4fi. OSC^CO^fb^ 

^(ocoz^z^ hmm4^m\f\ ^t^^tio s c tcomitm 
[0045] o s c(^»j3Eii. mm^^^R^^mc^m 

L. #^^^7«-v?*Pl-i: t) 300t:T-^Day^^^Tofc:o 
sirfrS^lcti, 7^y^hf->^ (<(>30x50) tci%C0+N2;^f 
;^30L/»<i: 0.4%02+N2;j5f>^30L/5i'^Sfi:+#-'S[i& 

{zx. 02+N2;^f;^;6^e>C0+N2;V^-^:«f;^^«I«9^;tfc^ 
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[0 0 4 6] i^tcCOmitm\^. 00$rl%i:H20 S:4%-& 
;9^^95N2;ei^ib?i6-=ex/V';?/;^^ffii/\ 400 
t:. ^r^liiSE 85000hr-<(^^#T-£i3:^^^oCOSS^fflO 
^U. ^fc^iDCOIsIb^ (x) ^ajjgbfco 

[0 0 4 71 COSi{t:^ (x) = lOOx (At>;«f^COSIft 

2<J:»?. OSC^C0*5fk*.b<DrB^{;itiii5VNtBllBi^d5# 
70 tE-t^^tf>^t>f)^r). OSCfil/ (1-x) (CltfiSJU 

X (x :COg{b:^) m^\^x\^^^:Lt7^>^M^^o 

[0 0 4 8] o^!?, rKDCOv-^ hfitJSE4 2)S^<Oi:5* 
9 <?:^. OSC355^;6^nt^COte{b^$ri« 
v^ltS-e»mf SCt;65T-#. C0v-:7 httiSE4 7&>b<^3fe 

[0 0 4 9] ^zx\ co->y hmm4(D±mmRnT^ 

fiytcji, -=ett^tt02-tr^i^40. 41;i^iS:(tbtL. C0v-:7 h 

[0 0 5 0] 02-fe>'i^40, 41(D«|fcbMJi*J^3^fl7lCA 
*J<8i$gB7-Cti02't>'ih40, 4lcD«iaifii:;&^?>C0 
v-:7 h^i4^4 0osc^®aj-rSo r(7)02f±^^#^^^ 
®2075^bm^^tt5o '=ebTosccr)mffiffi5e»>bia2{:: 

(X)t^:7httlK4d-^«cttli-sa:K:^^4'^^C0/H2jg 

[0 0 5 1] — ^:^>^:^5tc:ov^T. 

:h.TV>5o \^tit^^x\ it^$nfcC0/H2S*it{;i^SC 

[0 0 5 2] ^\.XMm^W7\'t. QQiyyYmm4t\h 
mm-t S &K^;^ * <^C0/H2 SSit lb :y >^ 

04$ra^-^5o wC0fij«i^g7(i. -^-r^nzi^-t'^ 

-/O [0 0 5 3] «»l:tt^|0«!lC*5V^TJi{X)v':7 hMI«4llii5 
v>f§'t4^^L. a:a:^;=^*c^C0/H2SSltJi/J>^l\ U 

U^Mbl- J: o A {;if§tt;55ig:Tf S <i: . CO/H2 
Jtfi»:^(c:fe#<?fc5o Lfc35SoT4t;t*nfcOO/H2jS 
Sit;i/5gff^flt^@x.fc»^ti. ffl®3^@7{^-^:y>^'r- 
i5^Sr#mL. J^J|sfSiJffli#3035-^Ptt*^nsacS^J|sfOft 

[00 54] ;^jr^oC0v'*7 htt|S4 0^^{t:{i^S^>!r (Cittrt- 

S[Hl(^)^>v^>'5<^3lic^tc: ilHl-rooscSr 

50 attau. ^n;!j^f>«i^$tt5co/H2«stt:o7^-i$^^{pj 
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[0 0 5 5 J irfj:t>'h^'mmm<o^wisy^mi)mm^&m: 
[0 0 5 6] mmm2) m3\^:^'mmm(r>i&w^:^m 

NOx wsM7mfmi6xmt^ti.xmm^ix^o 

[0 0 5 71 COv-^ httJK4(Djt«^Xa^TS£iS?jl-fi. 

[0 0 5 81 ^J;t^^^D^«^c^ov^-c«cov^>' hftMK4(iiii 

L^Ml^t;^ J: oT^^st \zf^mmT'r^ t . C0/H2 

^mnir^o :Lfh\c^^x^nmm^^'&\.xno^t 

[0 0 5 9] U/b;05or:^ll^feM^;I*5V^Tt>. ^Jfe^Jl 

^i^^t^. ^^v^>'5--tti^$tt5^i'a'Mco#!s^^— 
^(omPt]) - ly^mn.t't^:^ tt^x^ ^(ox^ mmt^ 

[0 0 6 01 (HJfefifys) |g|4(C*^5fefi?|I(Da:K;«f^^ 

;^^.Wj^s«T*f:i. mn^ >^ 1 t^h:^y y 

httjSE4-CJiCqt H20;^:^b*:14;«f^i/:7 bSlSlc 
ctorH2>55^^-f-5o r<DH2^'g'tf&a;«f^ti. *J»# 
43^^UT^>'i^>^5ji)^boS^:?tf^tc?il'&^tt. g^:^;^ 

[00 6 11 NOx KMal^^MjK6(i. Al203 tcBa<J:Pt 
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il7cMttJ^6lc®iS$ix5o ^\.Xy</i^:^^{c^W:^:^ 
tm^^f^X^7V^m^t/3:^t. K/K$^^Tv^fcNOx 
;6-'5^^;?f;^4^oH2tcJ:oT?a*J:<Jl7cJ^{t;*tb. fSi^ 

[00 62] C0v^:7 httjK4 co±86(IO:Rt5T«fi!l{c«:. 
^ix-€ix02irvf-40, 41;65^ftbix. ^JS^Jl^l^^tc 
LT. OSC7i^^e$cH;^>?:*(DCO/H2gSM:;6>«^^tu 

(o':^it^^mm ©J^B#43^^slJ^HI•r s r t xwfs:^ 

[0 0 6 3] fi»l;t^^^D«8^cjov^r^lcov^>^ h«4«S4f^ii5 
v^fi&tt^^U a:ir;«/;=^'4?<7>CO/H2«tSJtW:/h$v\ b 

it*i^5fe^{;^:^#</^6o U/c;d5oTm^^:h>/ciC0/H2S 

[0064] 'i'^j:t>^:^mmm(D^w:ff:^mmmmmm 
20 NOx ^RMm7tmm:e\cm?<^^mi^:^^m 

<?5-c. NOx mti^mid^f^^-t^o ^\.x^mmm^i^T 

xh^xhmx ^^mx<mt^^:it:d^x^^<DX\ 
mm(o\^±tHOK <omtt^m±^'^^:zt:d^x^^o 

[0 0 6 5] 

30 mm^i^TxcDHOx mt^m^i^^-r^o 
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[114] :*:^^0m3 0^JS^J<7>ec®^;^^D©JfflISe 
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F 0 1 N 3/24 
F0 2M 27/02 
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B 0 1 D 53/36 



Z AB 
1 0 2 B 
1 0 2H 



(72)%li^# Slffl 



F^5'-A(#%) 36091 AA12 AB06 BA14 GA12 GA19 
CB02 CB08 DBIO EAOO EA34 
FBIO GBOIX GB02Y GB03Y 
GB04Y GB06W GB07W GBIOX 
HB03 

4D048 AA06 AB02 AB07 ACOl BA03X 
BA15X BA30X BA41X DAOl 
DA02 DA09 DAIO 

4G040 EA02 EA03 EA06 EA07 EB32 
EB42 EB43 
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